Summary Survival from colorectal cancer has been analysed in relation to marital status in a nationwide Danish study of 9596 patients with complete follow-up of 22-26 years. After exclusion of 2294 patients with missing information adjusted five-year survival among married patients was significantly longer (RR=0.85; 95% CI 0.78-0.93).
Indications of an association between marital status and health were first reported long ago (Ramazzini, 1965; Stavola 1987; Farr, 1859 ). An extensive literature showed subsequently that married persons have lower mortality rates from a variety of diseases (Blazer, 1982; House et al., 1982; Schoenbach et al., 1986) . In addition, marital status has been claimed to be an independent prognostic factor in survival from cancer (Neale et al., 1986; Goodwin et al., 1987) . Owing to its high incidence and relatively poor prognosis, colorectal cancer is a major public health problem in most affluent industrial countries, including Denmark (Johansen et al., 1993) . We studied the influence of marital status on survival from colorectal cancer in a nationwide cohort with complete long-term follow-up.
Materials and methods
The present study concerns Danish patients recorded in the Danish Cancer Registry with adenocarcinoma of the colon or rectum diagnosed between 1 April 1968 and 31 March 1972. These patients numbered 9596. Of these, 2182 patients were excluded for at least one of the following reasons: a previous cancer (691 patients, 7.2%); information was missing: on extent of the disease (1112 patients, 6.8%); on the anatomical subsite of the tumour, mainly notified as colon unspecified (657 patients, 6.8%); or the diagnosis was given only on a death record (25 patients, 0.3%). Information on marital status at the time of diagnosis was sought in the Central Population Register (CPR), municipality population registers, probate court records, parish registers and regional administration archives, as reported earlier (Mellemgaard et al., 1989) . We also excluded 112 patients (1.2%) whose marital status could not be identified in one of the above-mentioned ways, leaving 7302 persons for the survival study. Updating of the Danish Cancer Register resulted in minor differences in the number of patients including in this and a previous study due to late registration in the register (Mellemgaard et al., 1989) . Cases were followed-up by linkage to the CPR before 18 August 1994 for dates of death and emigration and for verification of each personal identification number, which is a unique ten digit identification of every Danish resident.
Analyses of survival after colorectal cancer The multivariate analyses included sex, age at diagnosis in the age groups 0-49, 50-59, 60-69, 70-79, 80 -89, and >90 and year of diagnosis (1968, 1969, 1970, 1971, 1972) . The anatomical site of the tumour was divided into the categories of right colon, left colon and rectum as previously described (Johansen et al., 1993) . The extent of disease at diagnosis was categorised as local, regional or metastatic. Marital status was classified as married, divorced, never married or widowed at the time of diagnosis. Three analyses were performed: (1) an ordinary analysis of survival from time of diagnosis until the end of follow-up; (2) an analysis of 5 year survival after diagnosis; and (3) cause-specific survival of patients (n= 1855) who survived 5 years or more and for whom the underlying cause of death was available (from 1974 onwards) and obtained in a computerised version from the National Board of Health (1986) . The causes of death were divided into colorectal cancer ), other cancers (ICD-8 140.0-152.9; 155.0-209.9), cardiovascular diseases (ICD-8 390.0-458.9) and other causes (ICD-8 000.0-136.9; 210.0-389.9; 460.0-796.9). Data were analysed by Cox's regression model (Cox, 1972) .
Results
The descriptive characteristics of the patients are shown in Table I . In a comparison of the 445 living patients (6.1 %) and 6857 dead patients (93.9%) by anatomical region, married patients, women, patients with local disease and patients aged <49 years had the highest probability of surviving. the effect of marital status (data not shown). In the causespecific mortality analysis with follow-up for 5 years or more, the risk estimates for married patients were non-significantly decreased from all causes of death (data not shown).
Discussion
The major advantage of this study is the long, complete follow-up in a well-defined nationwide population-based group of patients diagnosed with colon and rectal cancer over a 5 year period . We found that marital status is an independent prognostic factor for survival from colon cancer during 5 years of follow-up: overall mortality was lower in married compared with unmarried colon cancer patients. For rectal cancer patients, no protective effect of marriage was seen. A cause-specific analysis of death revealed that all of the main causes of death contributed to the lower mortality of married colon and rectal cancer patients 5 years after the diagnosis. Our data on colon cancer patients are in line with those of a large population-based study of 27 779 cancer cases, which reported a significantly increased risk of death among unmarried compared with married colon cancer patients (RR = 1.27; 95% CI 1.1 1 -1.45), and in line with our results, no excess risk of dying from rectal cancer (Goodwin et al., 1987) . Another, somewhat smaller, study reported that women who had never been married in whom colon cancer was diagnosed had a statistically significantly increased risk of dying (RR= 1.33; 95% CI 1.02-1.72) compared with other women (Kogevinas, 1990) . In a Japanese study, women who had never been married in whom colorectal cancer was diagnosed had a shorter survival than married patients (Kato et al., 1992); a similar significant pattern of the risk of dying was observed for widowed women with colorectal cancer in a Norwegian study (hazard ratio, 2.19; 95% CI 1.29-3.71) (Kvikstad et al., 1995) . None of these studies reported data for rectal cancer patients separately. The difference in survival by marital status between colon and rectal cancer patients in our follow-up period may be related to an aetiological distinction between the risk factors for colon and rectal cancer (Johansen et al., 1993; Inoue et al., 1995) .
The major hypothesis for differences in survival by marital status is diagnostic delay, which may affect the extent of disease at diagnosis. The results of previous studies of the associated between delay and the outcome of colon cancer are equivocal (Auvinen, 1992; Holliday and Hardcastle, 1979; Turunen and Peltokallio, 1982; MacArthur and Smith, 1984; Robinson et al., 1986; Barillari et al., 1989) . In our study, married patients had significantly better survival than single patients, even when extent of disease at diagnosis was controlled for in the analysis.
Another explanation of the present findings is differences in access to health care services and in treatment by marital status. A Finnish study showed a significant difference in the proportion of patients of high and low social classes who underwent curative surgery for colon cancer, mainly among patients with advanced or unknown extent of disease (Auvinen, 1992) . Access to health care services is provided free in Denmark and during the period under study, the hospital of admission was determined only by place of residence. Thus, differences in treatment regimens cannot account for the observed effect of marital status.
Married patients may improve their survival by greater use of health services and better compliance with public healthrelated programmes and general health status (Pullen et al., 1992; Umberson, 1992; Foot et al., 1993; Yi, 1994; Lerman et al., 1994) . Single persons may be more prone to avoid this kind of behaviour and may take more risks (Berkman and Syme, 1979; Reynolds and Kaplan, 1990) . In line with these results, we observed a lower risk of death from every major cause of death among married patients.
It is possible that social isolation is directly associated with physiological changes in the body which increase susceptibility to disease. Levy and colleagues (1990) reported that a perceived lack of social support was associated with lower activity of natural killer cells. Thus, the existence of social support may be a buffer against illness (Berkman and Syme, 1979) , and poor or absent social ties may affect morbidity and mortality, even from cancer (Ostergren, 1991) .
A common problem in studies of survival and marital status is the lack of marital histories. Like other studies on this subject we used only the status at the time of diagnosis. This limitation of our study implies that we cannot, for instance, distinguish people who divorced after the diagnosis or those who became widowed during follow-up.
Our data do not allow any firm conclusion about the reason for the association between marital status and survival. We think the effect of marriage is a combination of the above-mentioned factors, and our findings may have implications for psychosocial intervention after surgery for colorectal cancer.
